The coeKcients of electrical and thermal conductivity have been computed for completely ionized gases with a wide variety of mean ionic charges. The eftect of mutual electron encounters is considered as a problem of diffusion in velocity space, taking into account a term which previously had been neglected. The appropriate integro-differential equations are then solved numerically. The resultant conductivities are very close to the less extensive results obtained with the higher approximations on the Chapman-Cowling method, provided the Debye shielding distance is used as the cutoft in summing the effects of two-body encounters.
I. INTRODUCTION
A PREVIOUS paper by Cohen, Spitzer, and Routly, ' referred to hereafter as CSR, presented a new approach to the problem of transport phenomena in a completely ionized gas. In eRect, the inQuence of mutual electron encounters on the velocity distribution function for electrons was considered as a problem of diRusion in velocity space. In particular, the electrical conductivity of an electron-proton gas was computed in this way. However, the results were not exact, since one term in the dBusion equation was neglected. In the present paper, a solution of the complete diRusion equation is obtained, and the results are extended to completely ionized gases with diRerent mean nuclear charges. Computations are carried out for the thermal as well as the electrical conductivity.
In the first section below the general principles are explained and justi6ed. Subsequent sections outline the derivation of the equations, the method of solution, and the results obtained. ' Cohen, Spitzer, and Routly, Phys. Rev. 80, 230 (1930) . I 
II. GENERAL PRINCIPLES
The velocity distribution function f"(v) for particles of type r is determined by the familiar Boltzmann equation, basic in all studies of this sort, f~f (~f l +2'~-+ZF'-= Z. l ag; ae"; ( at ), where the notation in CSR has been followed. The complexity of the problem arises entirely from the term ( ), f,c/ )t)"rhiwch gives the change in f"produced by encounters of r particles with particles of type s.
To visualize the physical situation more accurately, let us follow a single electron as it moves through the gas. The random electrical fields encountered by the electron will produce deRections and changes in velocity. To some extent these helds can be Since A is much greater than h, it is evident that many small deQections will be experienced by a particle traversing its mean free path. It is also clear that these deQections are essentially independent of each other. Inasmuch as collective phenomena (oscillations) have been neglected, the random electrical 6elds encountered by an electron in one region will be completely independent from the fields in a similar region separated by a distance appreciably greater than h. Hence, the successive changes in velocity represent a Markoff process, and the change of the velocity distribution function may be found from the Fokker-Planck equation. 4 This equation neglects the close encounters; the relative error introduced is again of the order 1/1n(h/bs).
IIL DER1VATION OF EQUATIONS
Equations (10) D(lv) , the function which gives the dependence of the ratio f"i/f&" on the velocity v; 1.5/P is the mean square electron velocity.
The electron-ion interaction is relatively simple to consider. Equation (28) of CSR must be modified to include a factor Z, the mean ionic charge, defined by Z= Q,~-, Z;s/rs" (4) summed over all positive ions, each of charge Z;e and of particle density e;. We 6nd K(ff;) = L3ZLf"iD(lv) cos8j/2v',
where all the symbols have the same meaning as in CSR, except that to avoid confusion with the current density, j has been replaced by l. If the orbit lies in the xy plane, and the x axis is taken to be in the direction in which the original particle is moving, the velocity changes become very simple. The components of the vector change in velocity along the g, ii, and { axes may then be found by successive rotations of the coordinate axes.
Next the values of the velocity changes, together with their products and squares, are averaged over all collisions, in accordance with Eq. (8) If these values of the diffusion coe%cients are substituted into K(ff), Eq. (1) yields, after considerable algebra, the equation 
A.
where C (x) is the error function, while A(x) is defined in Eq. (46) In each specific range the substitutions given below were the same for both electrical and thermal conductivity.
In the range x~&0.80, we have
Ut --(Z/x) '*Is(Zia/x'),
where n' is again equal to 6x&. For the range 0.80~& x &3.20, we have
Vs --D r z(2&x) exp(x'/2).
In Eqs. (20) and (21) As before, two independent numerical solutions were computed, each satisfying the boundary condition for small x. A linear combination of these was taken to satisfy the boundary condition at x=3.2. The resulting values of the velocity distribution function are given in Table I for electrical conductivity and in Table II for thermal conductivity. For Z=4 the integration was started at x=0.20, and no values were computed for smaller x.
As Z becomes very large, the mutual electron inter- ( 24) If Eq. (24) is substituted into Eq. (8) (22) D(x) = x B(2.5 -x')/2Z for thermal conductivity. (23) Hence, for ready comparison with the Lorentz gas, Table I gives values of ZD(x)/A, and Table II Table IV , together with the value found in the present work (n = oo ).
In view of the large difference between the first and second approximation, it is rather remarkable how close to the truth is the second approximation for yg. For thermal conductivity the convergence is somewhat less rapid, with the fourth approximation in close agreement with the value for e=~. Evidently the present result. s agree with Cowling's' second approximation for the electrical conductivity, provided that for the cuto6 in the integration over the impact parameter b, we take the Debye shielding distance h rather than the elec- It should be emphasized that the present theory considers only those terms in Bf,/Bt which are of order ln(Is/bs), and a variety of terms of order unity have been neglected, including, for example, the interaction between a high speed electron and its wake of plasma oscillation, an e6ect explored by Pines and Bohm. ' Thus, the relative accuracy of the present theory does not exceed 1/1n(h/bs), or some 5 to 10 percent for most conditions of astrophysical interest. In view of the lack of observational data in this field, development of a more refined theory does not seem worth the very considerable eGort required.
